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(54) Catalyst carrier for use in production of ethylene oxide 

(57) A carrier which permits preparation of a cata- 
lyst possessed of excellent catalytic performance and 
used for the production of ethylene oxide, a catalyst 
obtained by using this carrier, endowed with excellent 
catalytic performance, and used for the production of 
ethylene oxide, and a method for the production of eth- 
ylene oxide by the use of the catalyst are provided. The 
carrier is obtained by mixing a-alumina having an alkali 
metal content in the range of 1 - 70 m. mols/kg (a-alu- 
mina) with an aluminum compound, a silicon com- 
pound, and an alkali metal compound and calcining the 
produced mixture. The carrier which has an aluminum 
content as reduced to Al in the range of 0 - 3 mols/kg of 
carrier, a silicon compound content as reduced to Si in 
the range of 0.01 - 2 mols/kg of carrier, and an alkali 
metal content as reduced to alkali metal in the range of 
0.01 - 2 mols/kg of carrier is used for the deposition of a 
catalyst for use in the production of ethylene oxide. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention: 

[0001 ] This invention relates to a carrier to be used in the preparation of a catalyst for use in the production of eth- 
ylene oxide, a catalyst obtained by depositing a silver-containing catalytic component on the carrier and used for the 
production of ethylene oxide, and a method for the production of ethylene oxide by the use of the catalyst. 

10 

Description of the Related Art: 

[0002] Concerning the catalyst for use in the production of ethylene oxide by gas phase oxidation of ethylene and 
the carrier therefor, numerous reports have been heretofore introduced to literature. 

15 [0003] JP-A-57- 1 71 ,435, for example, has a description to the effect that a carrier obtained by adding mullite, col- 
loidal silica, etc. to a-alumina having a deliberately lowered sodium content has a high specific surface area, a uniform 
pore distribution, and moreover high wear-resistant properties. EP-B-0,207,550 has a description to the effect that a 
carrier having a small impurity is obtained by mixing an aluminum compound with the salt of a Group IA metal in the 
Periodic Table of the Elements and calcining the resultant mixture and a catalyst using this carrier excels in stability. JP- 

20 A-04-363,139 discloses a carrier containing a-alumina the elements of the fourth, fifth, and sixth periods (such as, for 
example, titanium, tin, and hafnium) of the Illa-Vlla and Illb-Vb groups in the Periodic Table of the Elements and con- 
tains a description to the effect that a catalyst using this earner has high selectivity and a long life. Further, US-A- 
5,100,859 discloses a carrier comprising high-purity a-alumina, the oxide of an alkaline earth metal, a silicon oxide, and 
zirconium oxide and contains a description to the effect that a catalyst using this carrier has high initial selectivity and a 

25 long life. 

[0004] We have also proposed a catalyst obtained by depositing silver and cesium as catalytic components on a 
carrier having a coating layer of amorphous silica disposed on the surface of a-alumina and used for the production of 
ethylene oxide (US-A-5,077,256) and a catalyst obtained by disposing a coating layer of amorphous silica-alumina on 
the surface of a-alumina and depositing silver and cesium as catalytic components on the resultant carrier and used for 

30 the production of ethylene oxide (US-A-5,395,812). 

[0005] The catalysts which are disclosed in US-A-5,077,256 and US- A-5,395,81 2 are excellent in catalytic perform- 
ance and are fully satisfactory from the commercial point of view. Ethylene oxide, however, is produced on a large scale. 
Even such a small addition to selectivity as 1%, therefore, results in a notable saving in ethylene as a raw material. In 
the light of the prominence of the economic effect of such an improvement in the selectivity, the desirability of develop- 

35 ing a catalyst of more improved performance for the production of ethylene oxide has been finding growing recognition. 
[0006] An object of this invention, therefore, is to provide a carrier to be used in the preparation of a catalyst for the 
production of ethylene oxide, a catalyst obtained by depositing silver-containing catalytic component on the carrier and 
used for the production of ethylene oxide, and a method for the production of ethylene oxide by the use of the catalyst. 
[0007] Another object of this invention is to provide a carrier which permits preparation of a catalyst possessed of 

40 excellent catalytic performance in terms of activity, selectivity, and life and used for the production of ethylene oxide, a 
catalyst obtained by using the carrier just described, endowed with excellent catalytic performance, and used for the 
production of ethylene oxide, and a method for the production of ethylene oxide by the use of the catalyst just described. 

SUMMARY OF THE INVENTION 

45 

[0008] The objects mentioned above are accomplished by the following items (1) - (8). 

(1) A carrier for the catalyst to be used in the production of ethylene oxide, obtained by adding an aluminum com- 
pound, a silicon compound, and an alkali metal compound to a low-alkali content a-alumina powder having an 

so alkali metal content in the range of 1 - 70 m.mols/kg of powder and calcining the resultant mixture, the aluminum 
compound content as reduced to aluminum being in the range of 0 - 3 mols/kg of carrier, the silicon compound con- 
tent as reduced to silicon in the range of 0.01 - 2 mols/kg of carrier, and the alkali metal content as reduced to alkali 
metal in the range of 0.01 - 2 mols/kg of carrier respectively in the carrier. 

(2) A carrier according to the item (1) mentioned above, wherein the atomic ratio of the alkali metal content in the 
55 powder/the alkali metal content in the carrier is in the range of 0.0001 - 0.8. 

(3) A method for the production of a carrier to be used in the production of ethylene oxide, which comprises mixing 
a low-alkali content a-alumina powder having an alkali metal content in the range of 1 - 70 m.mols/kg of powder 
with an aluminum compound, a silicon compound, and an alkali metal compound at ratios such that in the produced 
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carrier, the aluminum compound content as reduced to aluminum is in the range of 0 - 3 mols/kg of carrier, the sil- 
icon compound content as reduced to silicon in the range of 0.01 - 2 mols/kg of carrier, and the alkali metal com- 
pound content as reduced to alkali metal in the range of 0.01 - 2 mols/kg of carrier, faming the resultant mixture in 
a prescribed shape, and then calcining the formed mixture. 
5 (4) A method according to the item (3) mentioned above, wherein the atomic ratio of the alkali metal content in the 
powder/the alkali metal content in the carrier is in the range of 0.0001 - 0.8. 

(5) A catalyst to be used in the production of ethylene oxide, obtained by depositing a silver-containing catalytic 
component on a carrier set forth in the item (1) or the item (2) mentioned above. 

(6) A method for the production of a catalyst to be used for the production of ethylene oxide, which comprises 
10 depositing a silver-containing catalytic component on a carrier set forth in the item (1) or the item (2) mentioned 

above and then calcining the resultant composite. 

(7) A method according to the item (6) mentioned above, wherein the calcination is effected in the current of an inert 
gas at a temperature in the range of 400° - 700°C. 

(8) A method for the production of ethylene oxide, which comprises subjecting ethylene to catalytic gas phase oxi- 
15 dation with a molecular oxygen-containing gas in the presence of a catalyst set forth in the item (5) mentioned 

above. 

[0009] The catalyst to be used in the production of ethylene oxide which is obtained by using the carrier of this 
invention excels in catalytic properties, particularly in selectivity. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0010] The a-alumina to be used in this invention must have an alkali metal content in the range of 1 - 70 m.mols 
per kg thereof (indicated as "1 - 70 m.mois/kg of powder" in the present invention). The a-alumina itself does not need 
25 to be limited particularly but may be selected from among all the species of a-alumina which are in popular use. The a- 
alumina which is obtained by the Bayer calcining method, for example, necessarily contains an alkali metal, especially 
sodium, by reason of the process of manufacture thereof. This invention must use a low-alkali a-alumina which has an 
alkali metal content thereof controlled in the range of 1 - 70 m.mols/kg of powder. 

[001 1 ] If the alkali metal content is less than 1 m.mol/kg of powder or in excess of 70 m.mols/kg of powder, the pro- 
30 duced catalyst will manifest too low selectivity for ethylene oxide to accomplish the objects of this invention. The a-alu- 
mina which has an alkali metal content in the range of 3 - 30 m.mols/kg of powder, especially in the range of 5 - 20 
m.mols/kg of powder, is advantageously used. 

[001 2] To be used advantageously in this invention, the a-alumina has an alumina crystal diameter (primary particle 
diameter) in the range of 0.1 - 5 ^m, an average particle diameter (secondary particle diameter) in the range of 50 - 100 

35 yitn, a BET specific surface area in the range of 1 - 4 rrr^/g, and a coefficient of linear contraction due to two hours' cal- 
cination at 1700°C in the range of 12 - 20%. Incidentally, the expression "coefficient of linear contraction due to two 
hours' calcination at 1 700°C as used herein means the coefficient of linear contraction which the formed part obtained 
by pulverizing given a-alumina till the size of a-crystals (primary particles) and forming the crystals under pressure of 
1 ton/cm 2 exhibits at the end of two hours' calcination at 1700°C. 

40 [0013] The carrier of this invention must be obtained by adding an aluminum compound, a silicon compound, and 
an alkali metal compound generally in combination with an organic binding agent to the low-alkali a-alumina powder 
mentioned above, molding the resultant mixture in the shape of particles, and then calcining the particles at a temper- 
ature in the range of 1 200° - 2000°C. It is surmised that this calcination operation gives rise to a coating layer of alkali 
metal-containing amorphous silica-alumina on the outer surface of a-alumina carrier and the inner surface of the pores 

45 thereof. 

[0014] One of the characteristic features of this invention resides in endowing the a-alumina with such a coating 
layer of alkali metal-containing amorphous silica or amorphous silica-alumina as described above. The objects of this 
invention cannot be accomplished by forming a coating layer of amorphous silica or silica-alumina in advance and 
depositing an alkali metal thereon. 

so [0015] The aluminum compound mentioned above to be effectively used herein has only to be capable of forming 
an amorphous layer of alkali metal-containing silica-alumina when it is calcined in combination with a silicon compound 
and an alkali metal compound. As typical examples of the aluminum compound which answers this description, alumi- 
num hydrate, aluminum oxide (y- or 0-alumina) etc. may be cited. These aluminum compounds may be used either sin- 
gly or in the form of a mixture of two or more members. The aluminum compound to be used may be a synthetic product 

55 or a natural product. Morphologically, the aluminum compound does not need to be particularly discriminated. It may 
be added in an arbitrary form such as, for example, powder, sol, or aqueous solution. The aluminum compound which 
is in the form of powder is advantageously used herein when it has a particle diameter in the range of 1 - 300 ran, pref- 
erably in the range of 1 - 20 nm. Among other forms of aluminum compound, colloidal alumina having a particle diam- 
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eter in the range of 1 - 300 nm, preferably in the range of 1 - 20 nm, is advantageously used. This colloidal alumina is 
preferred to be used in the form of alumina sol in terms of ease of dispersion. The alumina sol may be obtained by a 
method of hydrolyzing an aluminum salt or method of neutralizing an aqueous aluminum salt solution with an alkali 
thereby temporarily gelating the solution and then peptizing the gel, for example. 

5 [001 6] The silicon compound mentioned above does not need to be particularly discriminated but is only required 
to be capable of forming an amorphous layer of alkali metal-containing silica or silica-alumina when it is calcined in con- 
junction with an aluminum compound and an alkali metal compound. As typical examples of the silicon compound 
which answers this description, silica, feldspar, clay, silicon nitride, silicon carbide, silane, and silicates may be cited. 
Silica-alumina, aJuminosilicates etc. are also usable. These silicon compounds may be used either singly or in the form 

w of a mixture of two or more members. The silicon compound may be a synthetic product or a natural product. Morpho- 
logically, the silicon compound does not need to be particularly discriminated. It may be added in an arbitrary form such 
as, for example, powder, sol, or solution. The silicon compound which is in the form of powder is advantageously used 
herein when it has a particle diameter in the range of 1 - 300 nm. preferably in the range of 1 • 20 nm. Among other 
forms of silicon compound, colloidal silica having a particle diameter in the range of 1 - 300 nm, preferably in the range 

is of 1 - 20 nm, is advantageously used. This colloidal silica is preferred to be used in the form of an aqueous solution in 
terms of ease of dispersion. The colloidal silica can be obtained by a method of neutralizing an aqueous sodium silicate 
solution with an acid thereby temporarily gelating the solution and then peptizing the gel or a method of depriving an 
aqueous sodium silicate solution of sodium by means of ion exchange. 

[001 7] The alkali metal species of the alkali metal compound mentioned above may be any member selected from 

20 the group consisting of lithium, sodium, potassium, rubidium, and cesium. Among other alkali metal species mentioned 
above, potassium and rubidium, particularly potassium, is advantageously used. As typical examples of the alkali metal 
compound, salts, oxides, hydroxides, etc. of alkali metals may be cited. Since the alkali metal compound in the form of 
a salt suffers the presence of an anion seed, the anion seed manifests an undesirable effect like a flux during the course 
of calcination to the extent of rendering difficult the control of physical properties of the carrier. Even after the calcina- 

25 tion, the anion seed possibly survives as an impurity and exert an adverse effect on the carrier and, as a consequence, 
on the performance of the produced catalyst Among other forms of salt, an organic acid salt which is capable of assum- 
ing the form of an oxide at a relatively low temperature is advantageously used. Particularly, the oxides and hydroxides 
of alkali metals are advantageously used. As typical examples of the oxides and hydroxides of alkali metals, lithium 
hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide, lithium oxide, sodium oxide, potassium oxide, 

30 and rubidium oxide may be cited. 

[001 8] As the organic binding agent mentioned above, any of the organic binding agents which are generally used 
in the preparation of a carrier for the catalyst to be used for the production of ethylene oxide can be used. As typical 
examples of the organic binding agent which answers the description, gum arabic, polyvinyl alcohol, hydroxyethyl cel- 
lulose, methyl cellulose, carboxymethyl cellulose, and com starch may be cited. Among other organic binding agents 

35 mentioned above, methyl cellulose and corn starch are advantageously used because they produce ash only in a small 
amount after the calcining operation. 

[0019] The silicon compound content in the carrier of this invention as reduced to silicon is in the range of 0.01-2 
mols per kg of carrier (indicated as "0.01 - 2 mols/kg of powder" in the present invention). If the silicon compound con- 
tent is less than 0.01 mol/kg of carrier or in excess of 2 mols/kg of carrier, the catalyst prepared by using this carrier will 
40 manifest too low selectivity far ethylene oxide to accomplish the objects of this invention. Properly, the content of the 
silicon compound in the carrier is in the range of 0.1 - 1 mol/kg of carrier, preferably in the range of 0.2 - 0.5 mol/kg of 
carrier. 

[0020] The content of the aluminum compound (which originates in the aluminum compound to be added and. 
therefore, excludes a-alumina) as reduced to aluminum is in the range of 0 - 3 mols per kg of carrier (indicated as "0 - 
45 3 mols/kg of carrier" in this invention). If this content exceeds 3 mols/kg of carrier, the catalyst prepared by using this 
carrier will manifest too low selectivity for ethylene oxide to accomplish the objects of this invention. Properly, the con- 
tent of the aluminum compound in the carrier is in the range of 0.01 - 2 mol/kg of carrier, preferably in the range of 0.1 
• 1 mot/kg of carrier. 

[0021] The content of the alkali metal compound (which originates in the alkali metal compound to be added and, 
so therefore, excludes the alkali metal in the a-alumina) as reduced to alkali metal is in the range of 0.010 - 2 mols per kg 
of carrier (indicated as "0.010 - 2 mols/kg of carrier" in this invention). If the content of the alkali metal compound is less 
than 0.010 mol/kg of carrier or in excess of 2 mols/kg of carrier, the catalyst prepared by using this carrier exhibits 
unduly low selectivity for ethylene oxide. Properly, the content of the alkali metal compound in the carrier is in the range 
of 0.02 - 0.5 mol/kg of carrier, preferably 0.03 - 0.3 mol/kg of carrier. 
55 [0022] The content of the silicon compound in the carrier, the total content of the aluminum originating in the alumi- 
num compound and the aluminum of the a-alumina, and the total content of the alkali metal originating in the alkali 
metal compound and the alkali metal in the a-alumina can be calculated from the results of the analysis of composition 
of the carrier by means of fluorescent X-ray. The aluminum content contemplated by this invention is the total content 
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of aluminum mentioned above minus the amount of the a-alumina to be initially charged and the alkali metal content 
contemplated by this invention is the total alkali metal content mentioned above minus the aluminum content in the ini- 
tially charged a-alumina. Thus, the atomic ratio of the alkali metal content in the powder/the alkali metal content in the 
carrier is generally in the range of 0.0001 - 0.8, preferably in the range of 0.001 - 0.5, and more preferably in the range 
s Of 0.01 -0.3. 

[0023] The amounts of the aluminum compound, silicon compound, and alkali metal compound to be used relative 
to the a-alumina during the preparation of the carrier of this invention may be suitably decided so that the contents of 
aluminum, silicon, and alkali metal in the carrier may fall in the respective ranges mentioned above. The amount of the 
organic binding agent to be used does not need to be particularly limited but may be properly selected to suit the occa- 
10 sion best. 

[0024] The method for preparing the carrier of this invention does not need to be particularly restricted. The prep- 
aration may be accomplished, for example, by using a-alumina powder as a main aggregate, adding thereto an alumi- 
num compound, a silicon compound, and an alkali metal compound optionally in combination with an organic binding 
agent, then forming the resultant mixture in a prescribed shape, and calcining the formed mixture at a temperature in 

is the range of 1200° - 2000°C. More specifically, the carrier is prepared, for example, by adding an aluminum compound, 
a silicon compound, an alkali metal compound, and an organic binding agent to a-alumina, optionally further adding 
water thereto, thoroughly mixing them together by the use of a kneader, granulating the resultant mixture as by extru- 
sion molding, drying the resultant particles, and calcining the dried particles at a temperature in the range of 1200° - 
2000°C, preferably in the range of 1400° - 1800°C, and more preferably in the range of 1500° - 1700°C. Though the 

20 extrusion molding is performed in a wet form or a dry form, it is generally performed in the wet form. The drying men- 
tioned above is carried out at a temperature generally in the range of 80° - 900°C, preferably in the range of 120° - 
850°C. Optionally, this drying operation may be omitted. 

[0025] The order of mixing the a-alumina powder, aluminum compound, silicon compound, alkali metal compound, 
and organic binding agent does not need to be particularly restricted. It may be properly selected from among such 

25 orders as involved in (a) a method which comprises simultaneously mixing these compounds, then forming, drying, and 
calcining the resultant mixture, (b) a method which comprises mixing the a-alumina with the organic binding agent, dry- 
ing the produced mixture, then mixing the dried mixture with the aluminum compound, silicon compound, and alkali 
metal compound, forming, drying, and calcining the resultant mixture, (c) a method which comprises simultaneously 
mixing the a-alumina, aluminum compound, silicon compound, and organic binding agent, drying the resultant mixture, 

30 then mixing the dried mixture with the alkali metal compound, forming, drying, and calcining the resultant mixture, and 
(d) a method which comprises mixing the a-alumina, alkali metal compound, and organic binding agent, drying the pro- 
duced mixture, mixing the dried mixture with the aluminum compound and silicon compound, forming, drying, and cal- 
cining the resultant mixture. 

[0026] As a pore forming agent, the powder obtained by pulverizing shells and seeds of peach, apricot, and nut to 
35 a uniform particle diameter or a substance having a uniform particle diameter and vanishing in consequence of calci- 
nation may be used in combination with the organic binding agent. 

[0027] Morphologically, the carrier of this invention does not need to be particularly discriminated. Generally, it is 
used in the form of such particles as spheres, pellets, rings etc. The average equivalent diameter of the particles is gen- 
erally in the range of 3 - 20 mm, preferably in the range of 5 - 10 mm. 

40 (0028] The Brunauer-Emmett-Telier (BET) specific surface area of the carrier of this invention is generally in the 
range of 0.03 -10 rrfrg, preferably in the range of 0.1 - 5 m 2 /g, and more preferably in the range of 0.8 - 2 rrfrg. If the 
specific surface area is unduly small, the produced carrier will acquire no fully satisfactory water absorption and incur 
difficulty in retaining the catalytic component fast thereof because it yields to excessive sintering. Conversely, if the spe- 
cific surface area is unduly large, the pore diameter will be decreased to the extent of suffering the catalyst prepared by 

45 using the carrier to promote consecutive oxidation of the ethylene oxide, i.e. the product aimed at. The water absorption 
of the carrier is generally in the range of 10 - 70%, preferably in the range of 20 - 60%, and more preferably in the range 
of 30 - 50%. If the water absorption is unduly low, the produced carrier will incur difficulty in retaining the catalytic com- 
ponent fast thereon. If it is unduly high, the produced carrier will fail to acquire fully satisfactory crushing strength. The 
average pore diameter of the carrier is generally in the range of 0.1 - 5 urn, preferably in the range of 0.2 - 3 urn, and 

so more preferably in the range of 0.3 - 0.9 jim. If the average pore diameter is unduly large, the produced catalyst will suf- 
fer degradation of activity. Conversely, if it is unduly small, the carrier will suffer stagnation of gas therein and conse- 
quently promote consecutive oxidation of ethylene oxide, the product aimed at. The porosity of the earner is generally 
in the range of 40 80%, preferably in the range of 50 - 70%. If the porosity is unduly low, the produced carrier will acquire 
an unduly large specific gravity. Conversely, if it is unduly high, the produced carrier will fail to acquire fully satisfactory 

55 crushing strength. 

[0029] The catalyst of this invention to be used for the production of ethylene oxide can be prepared by following 
the procedure which is generally adopted in the preparation of a catalyst for the production of ethylene oxide while using 
the carrier described above instead. The catalytic component to be deposited on the carrier may be formed of silver 
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alone or in combination with such a reaction promoting agent as cesium. The expression "depositing a catalytic com* 
ponenT as used in the present invention embraces the mode of depositing silver and a reaction promoting agent in 
addition to depositing silver alone. 

[0030] Specifically, the catalyst is produced by preparing a silver compound necessary for the formation of silver 

5 either alone or in combination with a complexing agent necessary for the formation of a silver complex and, when nec- 
essary, further with an aqueous solution containing a reaction promoting agent impregnating the carrier with the pre- 
pared compound, and then drying and calcining the impregnated carrier. Preferably, this drying is carried out in the air 
or an oxygen gas or in the atmosphere of an inert gas such as nitrogen gas at a temeprature in the range of 80° - 1 20°C. 
The calcination is preferred to be carried out in the air or an oxygen gas or in the atmosphere of an inert gas such as 

io nitrogen gas at a temeprature in the range of 150° - 700°C, particularly in the range of 200° - 600° C. This calcination 
may be performed in one stage or in two or more stages. Particularly, the product obtained by performing the first stage 
in the atmosphere of air at a temperature in the range of 150° - 250°C for a period in the range of 1 - 10 hours and the 
second state in the atmosphere of air at a temperature in the range of 250° - 450°C for a period in the range of 0.1 - 10 
hours proves preferable for this invention. The product obtained by the procedure which further comprises the third 

is stage to be performed in the atmosphere of an inert gas selected from among nitrogen, helium, and argon at a temper- 
ature in the range of 450° - 700°C for a period in the range of 0.1 - 10 hours proves more preferable. 
[0031 ] As typical examples of the silver compound mentioned above, silver nitrate, silver carbonate, silver oxalate, 
silver acetate, silver propionate, silver lactate, silver citrate, and silver neodecanoate may be cited. As typical examples 
of the complexing agent monoethanol amine, diethanol amine, triethanol amine, ethylene diamine, and propylene 

20 diamine may be cited. As typical examples of the reaction promoting agent, alkali metals such as lithium, sodium, potas- 
sium, rubidium, and cesium and thallium, sulfur, chromium, molybdenum, and tungsten may be cited. These reaction 
promoting agents may be used either singly or in the form of a mixture of two or more members. The reaction promoting 
agent is preferred to be an alkali metal, particularly cesium or rubidium. 

[0032] The catalyst of this invention to be used for the production of ethylene oxide is preferred to deposit thereon 
25 silver as a catalytic component and cesium as a reaction promoting agent. The amount of silver to be deposited is gen- 
erally in the range of 1 - 30 wt %, preferably in the range of 5 - 20 wt. %, based on the weight of the catalyst. The 
amount of the reaction promoting agent to be deposited is generally in the range of 0.001 - 2 wt. %, preferably in the 
range of 0.01 - 1 wt %, preferably in the range of 0.1 - 0.7 wt. %, based on the weight of the catalyst. 
[0033] The method of this invention for the production of ethylene oxide by the gas phase oxidation of ethylene can 
30 be performed by following the procedure which has been heretofore adopted generally for the purpose of the production 
while using as the catalyst the aforementioned catalyst for the production of ethylene oxide. 
[0034] Specifically, the production is effected by advancing a feed gas containing of 0.5 - 40 vol. % of ethylene, 3 - 
10 vol. % of oxygen, 5 - 30 vol. % of carbon dioxide, and the balance of an inert gas such as nitrogen, argon, or steam 
and a lower hydrocarbon such as methane or ethane and additionally containing a halide such as ethylene dichloride 
35 or diphenyl chloride as a reaction inhibitor at a space velocity in the range of 1000 -30000 hr 1 (STP), preferably in the 
range of 3000 - 8000 hr' 1 (STP) under a pressure in the range of 2 - 40 kg/cm 2 g, preferably in the range of 15 - 40 
kg/cm 2 g, at a temperature in the range of 180° - 300°C, preferably in the range of 200° - 260°C into catalytic with the 
aforementioned catalyst for use in the production of ethylene oxide. 

[0035] Now, this invention will be described more specifically below with reference to working examples. The word 
40 "parts" used therein refers to "parts by weight." 

[0036] The "degree of conversion" and the "selectivity" mentioned in the working examples and the controls repre- 
sent the magnitudes calculated respectively by the following formulas. 

Degree of conversion (%) = [(Number of mols of ethylene 
45 participated in the reaction)/(Number of mols of ethylene contained in the feed gas)] x 100 

Selectivity (%) = [(Number of mols of ethylene converted 
into ethylene oxide)/(Number of mols of ethylene participated in the reaction)] x 100 

50 

Example 1 

[0037] In a kneader, 93 parts by weight of a-alumina powder A (alumina crystal diameter: 1 urn, secondary particle 
average diameter: 65 urn, BET specific surface area: 2.2 rrr^/g, coefficient of linear contraction in consequence of two 
55 hours' calcination at 1 700°C: 1 5%. and sodium content 1 6 m.mols/kg of powder), 6 parts by weight of methyl cellulose, 
and 6 parts by weight of corn starch were placed and thoroughly mixed and the resultant mixture was thoroughly mixed 
with 4 parts by weight of colloidal alumina, 2 - 20 nm in particle diameter, (as AI 2 0 3 content), 3 parts by weight of col- 
loidal silica, 2 - 20 nm in particle diameter, (made by Nissan Chemicals Industries, Ltd. and sold under the trademark 
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designation of "Snowtex-0") (as Si0 2 content), and 0.38 part by weight of an aqueous potassium hydroxide solution (as 
KOH content) added thereto and 20 parts by weight of water further added thereto. A carrier was obtained by extrusion 
molding the produced mixture, granulating the product of extrusion, drying the granules, and calcining the dried gran- 
ules at 1450°C for two hours. 

5 [0038] This carrier had a silicon content of 0.5 mot/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
an alkali metal content of 0.08 mol/kg of carrier and a BET specific surface area of 1 .0 rrf/g. The atomic ratio of the 
alkali metal content in the powder/the alkali metal content in the carrier was 0.18. 

[0039] One liter of the carrier obtained as described was boiled and cleaned in one liter of purified water added 
thereto under normal pressure at 90°C for 30 minutes, deprived of the washings, and cleaned with purified water. The 
io boiling and cleaning and the subsequent cleaning mentioned above were repeated twice more and the carrier conse- 
quently cleaned was dried at 120°C for two hours. 

[0040] The amount, 300 g, of the dried carrier was impregnated with a complex solution consisting of 57.3 g of sil- 
ver oxalate, 38.6 ml of monoethanolamine, 41.4 ml of water, and 0.18 g of cesium nitrate, then heated and concen- 
trated, further dried at 120°C for 40 minutes, and then subjected to a heat treatment in a stream of air at 300°C for 30 
is minutes to obtain a catalyst (A) for use in the production of ethylene oxide. 

Example 2 

[0041] A carrier was obtained by following the procedure of Example 1 while using 0.70 parts by weight of an aque- 
20 ous rubidium hydroxide solution (as RbOH) in the place of 0.38 parts by weight of the aqueous potassium hydroxide 
solution. 

[0042] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mot/kg of carrier, and 
an alkali metal content of 0.08 mol/kg of carrier and a BET specific surface area of 0.8 rrf/g. The atomic ratio of the 
alkali metal content in the powder/the alkali metal content in the carrier was 0.18. 
25 [0043] A catalyst (B) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

Example 3 

30 [0044] A carrier was obtained by following the procedure of Example 1 while using 0.34 part by weight of an aque- 
ous sodium hydroxide solution (as NaOH) in the place of 0.38 part by weight of the aqueous potassium hydroxide solu- 
tion. 

[0045] This carrier had a silicon content of 0.5 md/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
an alkali metal content of 0.10 mol/kg of carrier and a BET specific surface area of 0.6 rr^/g. 
35 [0046] A catalyst (C) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

Example 4 

40 [0047] A carrier was obtained by following the procedure of Example 1 while using 3 parts by weight of carboxy 
methyl cellulose (0.2 part by weight as Na) and 3 parts by weight of methyl cellulose in the place of 0.38 g of the aque- 
ous potassium hydroxide solution and 6 parts by weight of the methyl cellulose. 

[0048] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
an alkali metal content of 0.10 mol/kg of carrier and a BET specific surface area of 0.6 rr^/g. 
45 [0049] A catalyst (D) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

Example 5 

so [0050] A carrier was obtained by following the procedure of Example 1 while using a-alumina powder B (alumina 
crystal diameter: 3 *im, secondary particle average diameter: 65 \*m, BET specific surface area: 0.7 rrfrg, coefficient of 
linear contraction in consequence of two hours' calcination at 1 700°C: 1 4%, and sodium content: 1 6 m.mols/kg of pow- 
der) in the place of the a-alumina powder A. The atomic ratio of the alkali metal content in the powder/the alkali metal 
content in the carrier was 0.1 8. 

55 [0051] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
an alkali metal content of 0.08 mol/kg of carrier and a BET specific surface area of 0.3 rrf/g. 
[0052] A catalyst (E) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 



7 



EP 1 002 575 A2 



Example 6 

[0053] A carrier was obtained by following the procedure of Example 1 while using a-alumina powder C (alumina 
crystal diameter: 3 urn, secondary particle average diameter: 65 urn, BET specific surface area: 0.9 rrfrg, coefficient of 
5 linear contraction in consequence of two hours' calcination at 1700°C: 15%. and sodium content: 16 m.mols/kg of pow- 
der) in the place of the a-alumina powder A. 

[0054] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
an alkali metal content of 0.08 mol/kg of carrier and a BET specific surface area of 0.6 rrftg. The atomic ratio of the 
alkali metal content in the powder/the alkali metal content in the carrier was 0.18. 
10 [0055] A catalyst (F) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

Example 7 

75 [0056] A carrier was obtained by following the procedure of Example 1 while using a-alumina powder D (alumina 
crystal diameter: 3 jim, secondary particle average diameter: 55 jim, BET specific surface area: 6.0 rrr^/g, coefficient of 
linear contraction in consequence of two hours' calcination at 1 700°C: 1 7%, and sodium content: 1 6 m.mols/kg of pow- 
der) in the place of the a-alumina powder A. 

[0057] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
20 an alkali metal content of 0.08 mol/kg of carrier and a BET specific surface area of 2.3 rrf/g. 

[0058] A catalyst (G) for use in the production of ethylene oxide was obtained by following the procedure of Exam- 
ple 1 while using the carrier obtained as described above. 

Example 8 

25 

[0059] A carrier was obtained by following the procedure of Example 1 while omitting the use of the colloidal alu- 
mina 

[0060] This carrier had a silicon content of 0.5 mol/kg of carrier, an alkali metal content of 0.08 mol/kg of carrier, 
and a BET specific surface area of 1 .2 rrr^/g. The atomic ratio of the alkali metal content in the powder/the alkali metal 
30 content in the carrier was 0. 1 8. 

[0061 ] A catalyst (H) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

Example 9 

35 

[0062] A carrier was obtained by following the procedure of Example 1 while using 0.02 part by weight of an aque- 
ous potassium hydroxide solution (as KOH) in the place of 0.38 pari by weight of the aqueous potassium hydroxide 
solution. 

[0063] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 0.8 mol/kg of carrier, and 
40 an alkali metal content of 0.02 mol/kg of carrier, and a BET specific surface area of 1 .5 rrfrg. The atomic ratio of the 
alkali metal content in the powder/the alkali metal content in the carrier was 0.75. 

[0064] A catalyst (I) for use in the production of ethylene oxide was obtained by following the procedure of Example 
1 while using the carrier obtained as described above. 

45 Example 10 

[0065] A catalyst (J) for use in the production of ethylene oxide was obtained by impregnating 300 g of the carrier 
obtained in Example 1 with a complex solution comprising 57.3 g of silver oxalate, 38.6 ml of monoethanol amine, 41.4 
ml of water, and 0.6 g of cesium nitrate, heating and concentrating the impregnated carrier, further dried at 120°C for 
so 40 minutes, then subjected to a heat treatment in a stream of air at 300°C for 30 minutes, and further heat-treated in a 
stream of nitrogen at 600°C for 3 hours. 

Control 1 

55 [0066] A carrier and subsequently a catalyst (K) for use in the production of ethylene oxide were obtained by follow- 
ing the procedure of Example 1 while omitting the use of the aqueous potassium hydroxide solution. The atomic ratio 
of the alkali metal content in the powder/the alkali metal content in the carrier was 1 .0. 
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Control 2 

[0067] A complete carrier and subsequently a catalyst (L) for use in the production of ethylene oxide were obtained 
by following the procedure of Example 1 while using a-alumina powder F (sodium content 0) in the place of the a-alu- 
5 minum powder A. The atomic ratio of the alkali metal content in the powder/the alkali metal content in the carrier was 0. 

Control 3 

[0068] A carrier was obtained by following the procedure of Example 1 while using a-alumina powder G (alumina 
10 crystal diameter: 3 fim, secondary particle average diameter: 65 urn, BET specific surface area: 2.4 rrfrg, coefficient of 
linear contraction in consequence of 2 hours' calcination at 1 700°C: 1 7%, and sodium content: 84 m.mols/kg of powder) 
in the place of the a-alumina powder A. 

[0069] This carrier had a silicon content of 0.5 mol/kg of carrier, an aluminum content of 3.5 mol/kg of carrier, and 
an alkali metal content of 0.10 mol/kg of carrier, and a BET specific surface area of 1 .3 m 2 /g. 
is [0070] A catalyst (M) for use in the production of ethylene oxide was obtained by following the procedure of Exam- 
ple 1 while using the carrier obtained as described above. 

Example 11 

20 [0071] The catalysts (A) - (M) were separately pulverized and sifted to separate respective portions of 600 - 850 
mesh. The amount, 1 .2 g, of each of the consequently obtained catalyst particles was placed in the reaction tube made 
of stainless steel which has 3 mm in inside diameter and 600 mm in length, and was used for effecting gas phase oxi- 
dation of ethylene under the following conditions. The selectivities and the reaction temperatures of catalyst beds were 
measured when the ethylene conversion was 1 0 % to obtain results of Table 1 . 

25 

Space velocity: 6,000 hr" 1 
Reaction pressure: 20 kg/cm 2 

Feed gas: Composed of 20 vol. % of ethylene, 7.8 vol. % of oxygen, 5.5 vol. % of carbon dioxide, 2.1 ppm of ethyl- 
ene dichloride, and the balance (methane, nitrogen, argon, and ethane) 

30 

Example 12 

[0072] The catalysts (A) and (M) were separately pulverized and sifted to separate respective portions of 600 - 850 
mesh. The amount, 1 .2 g, of each of the consequently obtained catalyst particles was placed in the reaction tube made 
35 of stainless steel which has 3 mm in inside diameter and 600 mm in length, and was used for effecting gas phase oxi- 
dation of ethylene under the following conditions. Selectivities of ethylene oxide and reaction temperatures of the cata- 
lyst layers were measured when conversion of ethylene was 25% through whole test duration. The tests were carried 
out until the yield of ethylene oxide per 1 ml of the catalyst reached to more than 1 ,000 g. It took more than 25 days to 
produce 1 ,000 g of ethylene. 

40 [0073] Selectivities of ethylene oxide and reaction temperatures were measured just after conversion of ethylene 
reached 25 % and after 25 days and calculated the differences thereof to obtain results of Table 2. 
[0074] As being clear from the result that the difference of the calculation is small, it is considered that the catalyst 
of the present invention is superior in stability of the catalyst performance. 

45 Space velocity: 22,000 hr 1 

Reaction pressure: 20 kg/cm 2 

Feed gas: Composed of 20 vol. % of ethylene, 7.8 vol. % of oxygen, 5.5 vol. % of carbon dioxide, 2.1 ppm of ethyl- 
ene dichloride, and the balance (methane, nitrogen, argon, and ethane) 

so 

Table 1 



Catalyst used 


Selectivity (%) 


Reaction temperature 






(°C) 


A 


81.4 


234 


B 


81.2 


236 


C 


80.7 


234 
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Table 1 (continued) 





Catalyst used 


Selectivity (%) 


Reaction temperature 
(°C) 


5 


D 


80.7 


234 




E 


81.4 


236 




F 


81.4 


235 




G 


81.4 


233 


10 


n 


OA C 

oU.O 






I 


80.5 


237 




J 


81.4 


236 


15 


K 


80.0 


240 




L 


80.1 


238 




M 


79.2 


249 



Table 2 



25 



Catalyst 


Number of days of reac- 
tion 


Formed OE (g) 


Selectivity (%) 


Reaction temperature 
(°C) 


Catalyst A 


25 i 


1000 


1.3 


8 


Catalyst M 


25 


970 


1.8 


13 



30 Claims 

1 . A carrier for the catalyst to be used in the production of ethylene oxide, obtained by adding an aluminum compound, 
a silicon compound, and an alkali metal compound to a low-alkali content a-alumina powder having an alkali metal 
content in the range of 1 - 70 m.mols/kg of powder and calcining the resultant mixture, the aluminum compound 

35 content as reduced to aluminum being in the range of 0 ■ 3 mols/kg of carrier, the silicon compound content as 
reduced to silicon in the range of 0.01 - 2 mols/kg of carrier, and the alkali metal content as reduced to alkali metal 
in the range of 0.01 - 2 mols/kg of carrier respectively in said carrier. 

2. A carrier according to claim 1 , wherein the atomic ratio of said alkali metal content in said powder/said alkali metal 
40 content in said carrier is in the range of 0.0001 - 0.8. 

3. A carrier according to claim 1 or claim 2, wherein said alkali metal content in said a-alumina is in the range of 3 - 
30 m.mol/kg of powder. 

45 4. A carrier according to any of claims 1 - 3, wherein the secondary particle average diameter of said a-alumina is in 
the range of 50 - 100um of powder. 

5. A carrier according to any of claims 1 - 4, wherein the BET specific surface area of said a-alumina is in the range 
of 1 - 4 m 2 /g. 

50 

6. A carrier according to any of claims 1 - 5, wherein said aluminum compound content as reduced to aluminum is in 
the range of 0.01 - 2 mols/kg of earner and said alkali metal compound content in the range of 0.02 - 0.5 mol/kg of 
carrier in said carrier. 

55 7. A method for the production of a carrier to be used in the production of ethylene oxide, which comprises mixing a 
low-alkali content a-alumina powder having an alkali metal content in the range of 1 - 70 m.mols/kg of powder with 
an aluminum compound, a silicon compound, and an alkali metal compound at ratios such that in the produced car- 
rier, the aluminum compound content as reduced to aluminum is in the range of 0 - 3 mols/kg of earner, the silicon 
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compound content as reduced to silicon in the range of 0.01 - 2 mols/kg of carrier, and the alkali metal compound 
content as reduced to alkali metal in the range of 0.01 - 2 mols/kg of carrier, forming the resultant mixture in a pre- 
scribed shape, and then calcining the formed mixture. 

5 8. A method according to claim 7, wherein the atomic ratio of said alkali metal content in said powder/said alkali metal 
content in said carrier is in the range of 0.0001 - 0.8. 

9. A method according to claim 7 or claim 8, wherein said alkali. metal content in said a-alumina is in the range of 3 - 
30 m. mols/kg of powder. 

10 

10. A method according to any of claims 7 - 9, wherein said alumina has an average particle diameter in the range of 
50- 100 *im. 

11 . A method according to any of claims 7-10, wherein said a-alumina has a BET specific surface area in the range 
is of 1 - 4 m 2 /g. 

1 2. A method according to any of claims 7-11, wherein said aluminum compound content as reduced to aluminum is 
in the range of 0.01 - 2 mols/kg of carrier and said alkali metal compound content in the range of 0.02 - 0.5 mol/g 
of carrier respectively in said carrier. 

20 

13. A catalyst for use in the production of ethylene oxide, obtained by depositing a silver-containing catalytic compo- 
nent on a carrier set forth in claim 1 or claim 2. 

14. A catalyst according to claim 13, wherein the amount of silver deposited is in the range of 1 - 30 wt % based on 
25 the weight of said catalyst. 

15. A catalyst according to claim 14, wherein an alkali metal is deposited as a reaction promoting agent in an amount 
in the range of 0.001 - 2 wt. %, based on the weight of the catalyst 

30 1 6. A catalyst according to claim 1 5, wherein said alkali metal is cesium or rubidium. 

17. A method for the production of a catalyst to be used for the production of ethylene oxide, characterized by depos- 
iting a silver-containing catalytic component on a carrier set forth in claim 1 or claim 2 and then calcining the result- 
ant composite. 

35 

1 8. A method according to claim 1 7, wherein said calcination is effected in the current of an inert gas at a temperature 
in the range of 400 - 700°C. 

1 9. A method for the production of ethylene oxide, characterized by subjecting ethylene to catalytic gas phase oxidation 
40 with a molecular oxygen-containing gas in the presence of a catalyst set forth in claim 1 3. 



45 



50 
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